The SeDeM diagram expert system has been used to study excipients, Captopril and designed formulations for their galenic characterization and to ascertain the critical points of the formula affecting product quality to obtain suitable formulations of Captopril direct compression SR matrix tablets. The application of the SeDeM diagram expert system enables selecting excipients with in order to optimize the formula in the preformulation and formulation studies.
Introduction

26
The SeDeM Method (Suñé-Negre et al., 2005 ) is a new galenic properties that need to be adjusted to facilitate the formulation 34 of the end product for direct compression. The SeDeM method is 35 therefore also a useful tool for studying the reproducibility of the 36 process used to prepare a powder substance and, consequently, for 37 its validation (Pérez-Lozano et al., 2006) .
38
Furthermore, it has been shown to be a suitable tool for prefor- E-mail addresses: encarnagarcia@ub.edu, egarciamontoya@gmail.com (E. García-Montoya).
of excipients in order to define their suitability for direct compres-41 sion (Aguilar et al., 2009; Suñé-Negre et al., 2008) 
42
The SeDeM diagram expert system is based on the concept of 43 quality by design described in ICH Q8 (EMEA, 2004) since it eval-44 uates critical quality attributes that have an impact on the quality 45 of the final product. The SeDeM diagram expert system provides 46 the profile of excipients and active product ingredients (API) in 47 powder form with respect to their suitability for direct compres-48 sion. This profile indicates whether a powder can successfully be 49 compressed by direct compression technology or whether it needs 50 to be adjusted with appropriate additional excipients. In addition, 51 this SeDeM diagram expert system could be seen as an innovative 52 quality by design (ICH Q8) tool, since it evaluates factors that are 53 not studied in the traditional drug formulation method and pro-54 vides information about which properties can be improved. Thus, 55 this tool helps the formulator to design robust processes which can 56 influence the quality of the final product when it is marketed.
57
Captopril is an angiotensine-converting enzyme inhibitor that 58 has been widely used for the treatment of hypertension and con-59 gestive heart failure. Captopril acts orally and the dosage used for 60 the treatment of congestive heart failure ranges from 50 to 150 mg 61 daily. After oral ingestion of a single dose the maximum hemody-62 namic effect is observed after 45-90 min. The drug is freely water 63 obtaining tablets using direct-compression technology.
90
The parameters considered are the following:
91
• Bulk density (Da)
92
• Tapped density (Dc)
93
• Inter-particle porosity (Ie)
94
• Carr index (IC)
95
• Cohesion index (Icd)
96
• Hausner ratio (IH)
97
• Angle of repose (˛)
98
• Powder flow (t )
99
• Loss on drying (% HR)
100
• Hygroscopicity (%H)
101
• Particle size (%Pf)
102
• Homogeneity index (IÂ) 
123
Once the values have been obtained following the specific 124 methods, certain limits are set based on the study of the chosen 125 parameters and the values described in the handbook of pharma-126 ceutical excipients (Rowe et al., 2009 ) (see Table 2 ). The next step 127 is to convert the numeric limits for each SeDeM Diagram param-128 eter to radius values r, in accordance with Table 2 (Aguilar et al., 129 2009 (Aguilar et al., 129 , 2012 Pérez-Lozano et al., 2006; Suñé-Negre et al., 2005 , 130 2008 , 2011a .
131
When all radius values are 10, the SeDeM Diagram takes the 132 form of a circumscribed regular polygon, drawn by connecting the 133 radius values with linear segments. The results obtained from the 134 earlier parameter calculations and conversions are represented by 135 the radius. The figure formed indicates the characteristics of the 136 product and of each of the parameters that determine whether or 137 not the product is suitable for direct compression. In this case, the 138 SeDeM Diagram is made up of 12 parameters, which would form 139 an irregular 12-sided polygon.
140
To determine whether or not the product is acceptable for direct 141 compression in numerical form, the following indexes are calcu-142 lated based on the SeDeM Diagram as: Table 2 Conversion of limits for each parameter into radius values (r). ters studied.
147
The acceptability limit would correspond to: IP ≥ 5
148
Parameter profile index (IPP) IPP = mean r ≥ 5 of all parameters
149
Mean r = mean value of the parameters calculated.
150
The acceptability limit would correspond to:
Good compression index (IGC) is calculated as follows:
where f is the reliability factor and is calculated as follows:
Circle area
157
The acceptability limit will be calculated by: In a plastic bag, 30% of the Avicel ® PH101, Aerosil ® and the mag-198 nesium stearate are mixed by hand for 2 min. The product is sieved 199 in a 0.6 mm sieve and is incorporated to mixture A. Finally the prod-200 uct is mixed at 20 rpm for 3 min in the biconical Glatt drum. The 201 different formulations are shown in Table 3 .
202
The experimental design used is the design of mixtures (Refs. 203 1 to 7), wherein the variables are the concentration of Ethylcel-204 lulose N100 ® and of HPMC K15M Premium ® , setting the other 205 components of the formula at 70% (w/w), with 30% (w/w) being 206 the maximum concentration for each of the variables. 
Tablets preparation
208
The blends were compressed in a Bonals ® (Cornellà de Ll., 209 Spain) continuous eccentric press, provided with 19 mm × 10 mm 210 punches. 
Tablets characterization
212
In the characterization of the tablets the methods applied were 213 resistance to crushing of tablets and Friability. Table 4 shows the radius 218 obtained for each of the parameters studied.
219
Captopril has bulk and tapped density values that enable direct 220 compression technology as it represents 10% (w/w) in the formula: 221 however, it presents poor flow and compressibility values, and so 222 the use of excipients presenting a good compressibility, such as 223 Avicel ® PH101, Ethylcellulose N100 ® and HPMC K15M Premium ® , 224 is critical. Avicel ® PH101 is the excipient of the formula that has 225 the best compressibility due to its plastic behavior and its ability 226
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This is because the HPMC K15M ® has a 51% of fine particles <50 m 286 compared to 4% of the Ethylcellulose N100 ® , and so when increas-287 ing HPMC K15M ® there are more Van der Waals interparticle forces 288 associated with particles of less than 50 m, resulting in a greater 289 cohesion of the product thus decreasing the radius values of the 290 Hausner ratio parameters, angle of repose, and powder flow. The 291 flow behavior of formulation 1 is mass flow, while when increasing 292 the percentage of HPMC K15M ® , the flow behavior changes to core 293 flow.
294
Whereas all excipients have poor radius values in the flow 295 parameter except ethylcellulose N100 ® and barium sulfate as 296 shown in Table 4 , the incorporation of 0.5% Aerosil ® was consid-297 ered of great importance in the preformulation stage to achieve 298 correct powder flow for the manufacture of direct compression 299 tablets, as shown in Table 5 in the radius values >5 obtained in 300 the Flowability/powder flow parameter in formulations 1-4. The HPMC K15M ® has a higher percentage of humidity than 303 the ethylcellulose N100 ® , besides being more hygroscopic, and 304 hence increasing the percentage of HPMC K15M ® also increases 305 the percentage of humidity and hygroscopicity of the formula. All 306 formulations present radius values of >5 in the lubricity/stability 307 parameter. However, when the percentage of HPMC K15M ® 308 increases it is more likely that Captopril will oxidize resulting in 309 degradation products, because the formulation is more hygroscopic 310 and contains more moisture (Table 5) . (Table 5) .
316
Formulation 7 is the one that has a more narrow distribution 317 of particle size, and is therefore the formulation that has a higher 318 radius value in the homogeneity index parameter.
319
The high percentage of fine particles is the major cause of the 320 poor flow of formulations 4, 5, 6 and 7 (Table 5) In order to find the linear regression that best adjusts to the 346 results obtained, we have considered a total of 27 models, and the 347 one that best adjusts is the squared Y square root X model, giving 348 
353
The R-squared statistic indicates that the adjusted model explains residuals to determine if there is any significant correlation. Since 362 the p-value is greater than 0.05, there is no indication of serial 363 autocorrelation in the residuals with a confidence level of 95.0%.
364
Fig . 4 shows the values of the good compression index adjusting 365 the equation with the squared Y square root X model to describe 366 the relationship between the good compression index and formu-367 lations.
368
The squared Y square root X model is the one which gives the 369 highest value of R-Square at 97.0704%, that is 1.74717% higher than 370 the linear model.
371
Formulation 1 is the one with the best good compression index 372 with a radius value of 5.80, while formula 7 has a radius value of 373 4.94.
374
There is an almost linear relationship between the different for-375 mulations in the good compression index parameter. Increasing the 376 percentage of HPMC K15M ® causes an increase in the percentage 377 Correlation coefficient = −0.985243. R-squared = 97.0704%. 
